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ABSTRACT
Alcohol consumption is prevalent on college campuses. There are a number of theories that seek
to explain the link between alcohol use and mood. The affective-processing model posits that
negative affect may interact with subconscious cognitive factors, such as attention bias (AB), to
promote drug-seeking behavior. In contrast, the incentive-sensitization model suggests positive
mood may drive drug seeking behavior, and this drive may be moderated by cognitive factors (e.g.,
AB). The current study hypothesized that both positive and negative mood would be associated
with drug craving in the moment. It was further hypothesized that AB would moderate moodcraving associations. Participants (n = 69) from a Midwestern University carried a mobile device
for 15 days and provided ratings of momentary mood (positive mood, anxiety, anger, and sadness),
craving, and attention bias. Across assessments, all four moods were positively associated with
momentary craving (p < .05). There were significant interactions of Anxiety x AB, Anger x AB,
and Positive Mood x AB; all of which varied by gender. For men, Anxiety (B = .15, p = .004) and
Positive Mood (B = .22, p < .001) were more robustly associated with momentary craving when
their AB was +1SD above their own mean. For women, Anger (B = .14, p = .001) was more
robustly associated with momentary craving when their AB was +1SD above their own mean.
These results indicate differential effects of AB on mood by gender. Theoretical models of mood
x cognition interactions may have more nuanced effects based on one’s gender. This suggests that
different forms of mood may trigger drug seeking behavior for men and women, offering important
gender differences in relapse risk.
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Introduction
Alcohol use on college campuses in the United States is highly prevalent, as are the
consequences associated with use. One in four students report academic consequences, while
20% of college students meet criteria for an alcohol use disorder ("National Institute on Alcohol
Abuse and Alcoholism," 2018). According to the 2018 National Survey on Drug use and Health,
37% of college-drinkers engaged in binge-drinking (5 or more drinks for males and 4 or more
drinks for females) in the last month and 9% in heavy alcohol use ("National Institute of Alcohol
Abuse and Alcoholism," 2019). Additionally, it has been found that injuries are the leading cause
of death for 18-24-year-olds in the United States, with alcohol as the leading contributor
(Hingson, Heeren, Winter, & Wechsler, 2005). In order to understand antecedents of alcohol use,
several theories have been proposed that link alcohol use to affect regulation (Sher & Grekin,
2007). According to the motivational model of alcohol use, presented by Cox and Klinger
(1988), people make the decision to drink or not drink based on whether drinking will enhance
positive affect or diminish negative affect (Cox & Klinger, 1988). Other theoretical models such
as tension reduction model (Dvorak, Stevenson, et al., 2018; Young, Oei, & Knight, 1990),
opponent-processing theory (R. L. Solomon & Corbit, 1974), incentive sensitization theory
(Berridge & Robinson, 2016) and stress-response dampening (Levenson, Sher, Grossman,
Newman, & Newlin, 1980) have expanded on the ways in which affect may reinforce use
through these two basic motivational pathways.
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Affect and Alcohol Pathology
Affect regulation offers a broad umbrella of approaches used to understand mood-alcohol
associations. Affect regulation models state that affect, both positive and negative, reinforces and
motivates alcohol use (Sher & Grekin, 2007). There are two general concepts explained by affect
regulation models: first, positive and negative affect may motivate alcohol consumption, and
second, that the reinforcement occurs via changes in affect following consumption (i.e.,
decreases in negative affect and/or increases in positive affect) (Dvorak, Stevenson, et al., 2018).
This model is subjective based on emotional experiences. For example, drinking for positive
mood, commonly referred to as mood enhancement, has been shown to predict use daily
(Dvorak, Pearson, & Day, 2014) . Whereas negative reinforcement theories diminish a negative
mood state (Baker, Piper, McCarthy, Majeskie, & Fiore, 2004). Wilkie & Stewart (2005) found
that people with mood-enhancing drinking motives are influenced by the positive reinforcement
of alcohol, while drinkers with coping motives have a greater value in the stress-reducing
negative reinforcement effects of alcohol. Thus, both positive and negative emotions play a
critical role in alcohol misuse.
Positive Affect
Positive affect is the degree to which one experiences positive emotions (Carmack &
Lewis, 2016). It is noted that the relationship between positive mood and alcohol consumption is
complicated (Dvorak, Stevenson, et al., 2018). Many theories have been presented to explain
positive reinforcement aspects of drinking. For example, expectancy theory posits people have
certain expectations prior to a drinking episode that leads to a drinking outcome (Jones, Corbin,
& Fromme, 2001). Positive expectations represent an important component to drinking that can
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govern future consumptions (Jones et al., 2001). Another theory is the incentive-sensitization
theory which posits that addiction is caused by neuroadaptations and repeated drug use
(Robinson & Berridge, 1993). It proposes that wanting and liking are separate pathways in the
brain, and therefore repeated drug use and other drug-associated stimuli make the act more
attractive (wanting) but less reinforcing (liking), consequently leading the person to chase a
feeling that they never quite reach (Robinson & Berridge, 1993). In Koob’s multistage model of
addiction, the initial stages of use are characterized by a reward system that is deregulated.
Dopamine release causes initial pleasurable feelings which are intense and motivate future
drinking experiences (Gould, 2010). However, across time, individuals habituate to the positive
effects of the drug and begin to use as a way to cope with negative emotions. Finally, the drug
itself becomes a source of negative emotion via craving and withdrawal, requiring persistent use
in order to prevent these negative effects (Koob & Le Moal, 1997). This is consistent with the
opponent process theory, in which individuals experience competing pleasurable and relieving
effects from drinking (R. L. Solomon & Corbit, 1974). The stronger the pleasure, the stronger the
subsequent withdrawal symptoms will be. Consequently, the individual uses in an attempt to
alleviate the aversive symptoms that follow (R. L. Solomon & Corbit, 1974).
A series of studies have examined positive mood as a predictor of alcohol use, as well as
the effects that alcohol use has on subsequent positive mood following consumption. Dvorak and
colleagues (2018), showed that positive mood early in the day was higher on drinking days than
on non-drinking days. Further, positive mood was higher yet after drinking was initiated. This
research has been supported in several other studies in the literature (Crooke et al., 2013; Russell
et al., 2020; Treloar, Piasecki, McCarthy, Sher, & Heath, 2015).
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Negative Affect
Negative affect is a broad term for emotions such as sadness, guilt, anxiety, or anger
(Watson & Clark, 1984). For example, negative affect has strong motivational consequences
typically aimed at eliminating or alleviating the aversive state. In the substance use literature, this
is referred to as “coping” (Cooper, Frone, Russell, & Mudar, 1995). Coping is one reason people
make the decision to consume alcohol. This motive for alcohol use has been described as escape,
avoidance, and/or to regulate negative emotions (Cooper et al., 1995).
While some research has shown that individuals are more likely to consume alcohol in
response to negative affect (Bresin, Mekawi, & Verona, 2018), others have shown the exact
opposite (Dvorak, Waters, et al., 2018). The literature is full of these sorts of contradictory
findings. This has led to a host of theories to try to explain these discrepancies. For example, the
tension reduction theory states alcohol can reduce tension or stress because of the calming effects
alcohol has on the nervous system (Conger, 1956). In contrast to the tension reduction model, a
reformulated model shows a lack of support of negative affect and subsequent drinking
(Hussong, Hicks, Levy, & Curran, 2001). This is consistent with other laboratory studies where
alcohol has no effects on participants exposed to a stressor (Sayette, 1999). In an attempt to
reconcile the inconsistent findings in the literature, a more nuanced model of affect in addiction
has recently been proposed. This model is known as the affective processing model of addiction.
Affective Processing Model of Addiction
The affective processing model states that negative affect stems from interoceptive cues
which can lead to self-administration in drug users (Baker et al., 2004). The model attempts to
reconcile negative reinforcement criticisms and reformulates basic negative reinforcement theory
4

by incorporating Wikler (1977), Solomon (1977), and Tiffany’s (1990) ideas. The basic premise
of the model is that individuals develop an underlying cognitive architecture that is developed
based on their individual use history. This underlying structure results in an integration of
negative affect and basic cognitive mechanisms to prompt use-related cognitions and emotions.
Consequently, the individual may be aware of the administration of the drug, but not aware of
the affective origin of the behavior (Baker et al., 2004). In essence, this model suggests the
influence of individual subconscious cognitive structures that drive the link between affect and
drug use. According to this model, affect may be detected unconsciously, and this unconscious
detection could influence affective processing (Baker et al., 2004). Indeed, research has shown
that many routinized, goal driven, behaviors outside of conscious awareness (Bargh, Gollwitzer,
Lee-Chai, Barndollar, & Trotschel, 2001). Thus, according to this model, negative affect may
interact with underlying, subconscious, cognitive structures in order to promote drug seeking
behavior. One important cognitive structure linked to drug seeking behavior is the extent to
which our attention is drawn to drug related stimuli, what has been termed “attention bias.”
Attention Bias and Addiction
Attention bias is an individual’s unconscious attention toward specific stimuli (Azriel &
Bar-Haim, 2020). This bias can be toward substance, but also toward other subtle or salient cues
(Field & Cox, 2008). Within alcohol research, measuring attentional bias is the extent to which
alcohol-related images capture the individual’s focus instead of non-alcohol related images
(Miller & Fillmore, 2011). One way to measure attention bias is through the visual probe task.
The visual probe task is cognitive task in which a pair of images are displayed on a computer
screen, one image is substance-related and the other is neutral. The images are typically
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displayed for 500-1000ms. The images then disappear, and a probe (often a dot) appears in place
of the position of one of the images. The participant must then make a decision about the
location of the probe as quickly and accurately as possible. Attention bias is measured by
determining the difference in time lapse between trials where the dot is behind the alcohol image
versus trials where the dot is behind the neutral image. Greater time difference indicates greater
attention bias (MacLean, Sofuoglu, Brede, Robinson, & Waters, 2018). When attention bias
develops, it impedes individual’s influence of alcohol-related stimuli (Fadardi & Cox, 2008).
The link between attention bias and substance use has been shown across a variety of
substances (MacLean et al., 2018; Melaugh McAteer, Curran, & Hanna, 2015; Ruglass,
Shevorykin, Dambreville, & Melara, 2019). One early study conducted on this topic showed a
correlation between alcohol consumption and attentional bias (Fadardi & Cox, 2008). In a
separate study, looking at independent heavy social drinkers versus occasional social drinkers,
attention bias was found toward pictures related to alcohol in heavy social drinkers, but not
occasional social drinkers, using the dot-probe task (Townshend & Duka, 2001). This effect has
been replicated by other researchers as well (Weafer & Fillmore, 2013). Though, interestingly, in
this replication heavy drinkers also showed a dose-dependent decrease in attention bias, contrary
to the hypothesis (Weafer & Fillmore, 2013). A study focused on attentional bias in intoxicated
individual’s found that attention bias was present at different points of the BAC curve (Roberts
& Fillmore, 2015). There have also been a number of contradictory findings on the link between
attention bias and alcohol-related outcomes.
Emery and Simons (2015) examined the interaction between attention bias and mood in
predicting alcohol use. They found that attention bias predicted alcohol use history, but only for
6

men. However, they found no evidence for an interaction between mood and attention bias,
contrary to the predictions of the affective processing model. Further, they found attention bias to
be highly variable within a single session. In fact, the correlation between attention bias assessed
at the outset of the session, then reassessed at the conclusion of the session was r = -.01;
indicating that attention bias may be extremely dynamic across a short period of time. In a more
recent study, Emery and Simons (2020) examined attention bias at the daily level using
ecological momentary assessment. This study found that daytime positive mood predicted
attention bias that day. However, average attention bias on a given day did not predict alcohol
use. Given the dynamic nature of attention bias, it seems plausible that even day-level attention
bias may fail to capture the immediate role of attentional mechanisms on substance use
behaviors. Indeed, attention bias may be more relevant in driving aspects of immediate drug
seeking behavior. Further, there are a number of constraints on the topography of drinking that
may disrupt the link the between attention bias and actual alcohol use behavior (e.g.,
work/school demands, time of day, access, etc.). Understanding the role of attention bias may be
better explored through an examination of in-the-moment drug craving. Indeed, recent research
has shown that stronger attention bias is linked to craving across a number of drugs (Franken,
Kroon, & Hendriks, 2000; Leeman, Robinson, Waters, & Sofuoglu, 2014) including alcohol
(Soleymani, Ivanov, Mathot, & de Jong, 2020).
Craving
Drinking behaviors are often confined by a host of personal, occupational, and societal
restrictions. For example, drinking can occur at different times in the day and have different
effects. Dvorak, Pearson & Day (2014) found that negative mood during the day had an indirect
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effect on drinking in the evening. Another study reported that negative mood three days prior to
a drinking episode and three days following, did not differ in amount of alcohol consumed, nor
were there an increase or decrease in negative mood during the episode (Crooke et al., 2013).
Furthermore, moods such as anger and nervousness early in the day have been associated with a
prompt initiation of drinking, whereas sadness and loneliness had a slower initiation to drink on
the weekday (Todd, Armeli, & Tennen, 2009). Another restriction is the location. For example,
research has shown that individuals who go to a bar or night club with plans to drink, have very
few expectations for the emotional sequalae of drinking (Hughes et al., 2012). Further, research
has consistently shown that drinking is bounded by time of day and day of week (Dvorak,
Pearson, Sargent, Stevenson, & Mfon, 2016; Simons, Dvorak, Batien, & Wray, 2010). These
boundaries of drinking behavior may decrease our ability to directly link mood, and/or cognitive
mechanisms such as attention bias, to alcohol use. However, alcohol craving remains a proximal
antecedent to use, and allows for the examination of the drive for drug seeking behavior during
times of high emotional arousal and/or strong cognitive cues directed toward drinking.
Craving has been identified as a strong urge or desire (Kozlowski & Wilkinson, 1987).
There is a physical dependence or a pathological desire that comes with craving, which often
results in a loss of control (Kozlowski & Wilkinson, 1987). Further, craving tends to manifest in
at least two different forms. Momentary craving, which occurs in the moment and as a response
to emotional stimuli and/or drug deprivation, and background craving which is the constant state
of craving observed primarily among individuals with some form of drug addiction. One study
has proposed that the relation between momentary craving may or may not lead to use and
sometimes disengages in inhibitory processes (Bresin & Verona, 2019). While another study
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explains that background craving occurs over a few days or weeks and is typically assessed at the
clinical level (Ferguson & Shiffman, 2009), as in the case of drug dependence (Dunbar,
Shiffman, Kirchner, Tindle, & Scholl, 2014).
According to the elaborated-intrusion theory of desire, craving is triggered by negative
affect and modulated by strength (Kavanagh, Andrade, & May, 2005). A previous study found
that heavy tobacco use was significantly associated with an increase in craving for alcohol
(Rhodes & Gottfredson, 2020). Though, craving has also been found to be a fundamental
component for alcohol use disorder (Dulin & Gonzalez, 2017). Person-specific cues have been
found to implicate robust craving amongst individuals and duration is longer than substancerelated cues (Fatseas et al., 2015). Also, craving levels have been positively associated with
negative and positive affect, substance-related cues, drug availability, food or caffeine intake,
and inversely related to coping (Serre, Fatseas, Swendsen, & Auriacombe, 2015). Given that
both craving and attention bias are characterized by dynamic momentary shifts, momentary
craving may be the primary mechanism by which attention bias manifests to incite drug seeking
behavior.
Current Study
The current study examines the interplay of mood and attention bias as predictors of
alcohol craving using Ecological Momentary Assessment. Participants provided mood and
attention bias on mobile devices several times per day. The following hypotheses are proposed:
Hypothesis 1: Consistent with the affective processing model, it is hypothesized that
negative mood would interact with current attention bias to predict craving specifically
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when attention bias is high and negative mood will be positively associated with craving
when attention bias is low; that relationship will be attenuated
Hypothesis 2: Consistent with the incentive sensitization theory when attention bias is
high positive mood will be more strongly associated with craving, however this
relationship will be attenuated when attention bias is low
Exploratory analyses will examine differences in these associations will be examined as a
function as biological sex
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Methods
Participants
This data is from a project collected in the Fall/Spring of 2014-2015. Participants (n = 69;
64% female) were a sample of college student drinkers from a moderate size Midwest
University. The sample ranged in age from 18 to 29 years (M = 21.30, SD = 2.07). Ninety-one
percent of the sample was White, 1% was Black, 3% was Native American/ Alaskan Native, 4%
was Asian, and 1% was other. All participants were treated in accordance with the American
Psychological Association ethical guidelines for research (Sales & Folkman, 2000) and the
university’s review board has approved all aspects of this study.
Procedure
Phase I: Screen.
During Phase 1 of this study, participants (n = 977) completed an online survey where
they were screened for participation. This phase consisted of participants completing drinking
assessments of current habits (i.e., use and problems), mental health issues, and temperament.
Eligible students were those who had consumed alcohol in the past two weeks and did not meet
diagnostic criteria for a psychiatric condition. The participants who met criteria moved on to
Phase 2 and were invited to participate in the second portion of the study (n = 561). A sample of
n = 102 participants were enrolled. However. The attention bias task was added after study
initiation, and thus was only completed by n = 69 participants.
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Phase II: EMA.
During Phase 2, participants carried a personal data device (a 7” Samsung Galaxy Tablet
provided by the study) for up to 15 days. While carrying the device, participants responded to
four different types of assessments: (a) random assessments occurring up to 8 times per day from
8:00 a.m. to 2:00 a.m., which will ask primarily about current mood and if the person was
drinking at that moment in time; (b) self-initiated drinking assessments that will be a marker for
when the person initiated drinking; (c) morning assessments will ask various questions about the
previous night, including if the person consumed alcohol, which was used to mark drinking days
that were missed during the random and self-initiated assessments. Additionally, if a participant
missed a mood assessment (due to missed time or device error), they had the option (d) of selfinitiating a mood assessment that will mirror the in situ random assessment. The device is able to
be set to a do not disturb mode during times participants cannot respond to surveys (e.g., class,
bedtime, etc.) Participants checked into the lab after Week 1. At this point they were offered the
opportunity to continue the study or discontinue participation. The participants were
compensated each week, at a rate of $0.25/random assessment and $1 per morning assessment.
Measures
Momentary Mood.
To assess momentary mood, participants were asked: How [INSERT MOOD] are you
feeling right now? The items on this scale are adapted from subscales of the PANAS-X (Watson
& Clark, 1999) and Larsen and Diener’s (1987) mood circumplex. The items on the scale look at
five mood states, each mood state had three different mood items: anger (anger, frustrated,
irritated), anxiety (anxious, nervous, worried), sadness (sad, blue, downhearted), stress (stressed,
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overwhelmed, tense), and positive mood (happy, joyful, excited). The individual moods will
have a 5-point Likert-type scale of 0 (not at all) to 4 (extremely). Previous studies assessing
mood of college drinkers using this method have been effective to detect the mood domains
(Dvorak et al., 2014; Dvorak et al., 2016; Dvorak & Simons, 2014; Simons, Wills, & Neal,
2014).
Attention Bias.
Attention Bias was assessed following each mood assessment and utilized the Dot-Probe
Task. In this task, participants are presented with instructions that explain the task. The
instructions explain that the participant will see two images, side-by-side, for a brief period.
Following this, the images will disappear, and a green dot will appear on the screen. Participants
are asked to click on the dot as quickly as possible. The task begins with (1) a fixation cross ‘+’
in the center of the screen; the cross is displayed for 500ms. Next, (2) the fixation cross is
replaced by two images. One of the images always utilizes an alcohol stimulus (e.g., bottle of
beer), while the other image is a matched, nonalcohol, stimulus (e.g., bottle of soda). These
images are present for 500ms. After 500ms, (3) the images are replaced by a green dot on the
screen. The dot is displayed behind one of the images. Participants have 1000ms to click on the
dot. If they click on the wrong side of the screen, or fail to click in the allotted time, a large red
‘X’ is displayed. There are 80 total trials for each momentary assessment of attention bias. The
number of left-side-click and right-side-click trials are counterbalanced within the assessment.
Thus, each assessment includes 20 trials in which alcohol stimuli is presented on the right side of
the screen and the dot appears behind the right image, 20 trials in which alcohol stimuli is
presented on the left side of the screen and the dot appears behind the left image, 20 trials in
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which non-alcohol stimuli is presented on the right side of the screen and the dot appears behind
the right image, and 20 trials in which non-alcohol stimuli is presented on the left side of the
screen and the dot appears behind the left image. Attention bias is calculated as the mean
difference in response time between alcohol and non-alcohol left-side images and alcohol and
non-alcohol right side images using the following formula (Kujawa et al., 2011):
Attention Bias = (½ × [Right Neutral − Right Alcohol] + [Left Neutral − Left Alcohol])

Displayed for 500 ms

Displayed for up to 1000 ms

Displayed for 1000-2000 ms

Tim
e

Displayed for 500 ms

Displayed for up to 1000 ms

Figure 1 Dot Probe Schematic

Alcohol Craving.
Craving was assessed similar to Mood. Two items, adapted from laboratory measures of
alcohol craving for use in EMA (e.g., Chaplin, Hong, Bergquist, & Sinha, 2008), were used to
assess craving in-the-moment. Individuals were asked: “How strong is your URGE to drink
alcohol right now?” and “How much are you CRAVING alcohol right now?” Both items are
rated on a 5-point Likert-type scale: 0 (not at all) to 4 (extremely).
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Analysis Plan
Data was analyzed using a multilevel regression in Mplus 8.3 (Muthén & Muthén, 2017).
This allows for the nesting of data at each level of analysis. The analysis examined the
momentary associations between current craving, mood, and attention bias. To do this, at level 1
(momentary level) craving was regressed onto anxious mood, positive mood, depressed mood,
angry mood, and attention bias. Next, we add the interactions of anxious mood × attention bias,
positive mood × attention bias, depressed mood × attention bias, and angry mood × attention
bias. To examine potential differences in sex, we add a cross-level interaction between each
mood by attention bias interaction: anxious mood × attention bias × sex, positive mood ×
attention bias × sex, depressed mood × attention bias × sex, and angry mood × attention bias ×
sex (in addition all two-way interactions between sex and mood and the two-way interaction of
attention bias × sex were added to the model). At level 1 (momentary) we control for time of
day. At level 2 we control for day of week. The analysis allowed for random intercepts at the day
and person levels. This allowed for the examination of H1 (moderation of anxious mood,
depressed mood, and angry mood by attention bias) and H2 (moderation of positive mood by
attention bias) as well as the exploratory analysis of differences in sex via the cross-level
interactions.
Data Availability and Power to Detect Significant Effects
In the current dataset, there are data from n = 69 participants across n = 882 days and n =
3,987 momentary assessments. Thus, there are an average of 12.60 days of data per subject with
an average of 56.96 momentary assessments per subject. Assuming an extremely conservative
effect of the attention bias × mood and the attention bias × mood × sex hypotheses (8 primary
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interactions) of Cohen’s f2 = .01 with 1- = .80 and  = .05, we would only require 1,496
moment-level observations to detect significant effects. Thus, we have over twice the needed
momentary observations to conduct this analysis.
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Results
Descriptive and Compliance Statistics
Table 1 displays the descriptive statistics and bivariate correlations. There were
significant positive correlations between angry mood and depressed mood, craving and age,
anxious mood and craving, anxious mood and angry mood, craving and depressed mood, and
angry mood and craving. A significant negative correlation was found between depressed mood
and attention bias, see Table 1.
Multilevel Regression Model
To test the primary hypotheses, a multilevel regression model was specified. At level 1,
momentary alcohol craving was regressed onto current attention bias (AB), anxiety, sadness,
anger, and positive mood. All level 1 predictors were centered at the subject-level. Time of day
and day of week were added to control for variation in craving across the day and week. Neither
sadness nor AB had significant random variance at level 2, thus these components were fixed to
zero. Time of day, anxiety, anger, and positive mood all had significant variance at level 2, and
thus were allowed to vary randomly. At level 2, age and biological sex were added to the model.
In addition, mean levels of AB, anxiety, sadness, anger, and positive mood (centered betweensubjects) was added to control for individual levels of mood. Thus, the slopes of mood at level 1
represent deviations from an individual’s average mood. Next within-subject interactions
between AB and each mood state were added. This was followed by cross-level interactions
between each AB x mood interaction and biological sex. The final model is shown in Table 2.
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Next, the simple slopes of the three three-way interactions were examined. With regard to
anxiety, there was a significant interaction of anxiety by AB for men (B = 0.004, p = 0.001), but
not for women (B = 0.000, p = 0.596). Thus, for women anxiety had a consistent positive
association with craving (B = 0.064, p = 0.029), regardless of level of AB. However, for men
when AB was high (+1SD) the association between anxiety and craving was potentiated (B =
0.165, p =0.004). In contrast, when AB was low (-1SD) for men the association between anxiety
and craving was attenuated (B = -0.023, p = 0.593), see Figure 2 panels a and b.
With regard to positive mood, there was a statistically significant three-way interaction,
but the effects were opposite across biological sex. Though men and women differed
significantly, as evidenced by the three-way interaction, the relationship between positive
mood and craving did not vary by AB for women (B = -0.002, p = .101) or men (B = 0.002, p =
.117). For women, at mean levels of AB there was a positive association between positive mood
and craving (B = 0.119, p = .001; see Figure 2 panel c). For men, at mean levels of AB there was
also a positive, and more robust, association between positive mood and craving (B =
0.196, p <.001; see Figure 2 panel d). As noted in Figure 2 panels c and d, AB potentiated
(though not significantly) the association for men and attenuated (again not significantly) the
association for women, resulting in a significant three-way interaction despite simple slopes
being non-significant for both men and women.
With regard to angry mood, there was a statistically significant three-way interaction, but
the effects were again opposite across biological sex. Though men and women differed
significantly, as evidence by the three-way interaction, the relationship between angry mood and
craving again did not vary by AB for women (B = 0.002, p = .165) or men (B = -0.003, p = .126).
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For women, at mean levels of AB there was a positive association between angry mood and
craving (B = 0.108, p = .003; see Figure 2 panel e). For men, at mean levels of AB there was also
a positive association between angry mood and craving (B = 0.122, p = .009; see Figure 2 panel
f). Interestingly, though the simple slopes were not significant, it is worth noting the obvious
qualitative difference in the way AB affects the slopes for men and women. In contrast to the
potentiating effects of AB on anxiety for men and attenuating effects of AB on anxiety for
women; the effects were the exact opposite when looking at anger. For men, when AB was high,
the slope of craving on anger was diminished, and this slope was stronger for men when AB was
low. For women, when AB was high the slope of craving on anger was more robust and became
weaker when AB was low. Though these effects did not reach conventional levels of statistical
significance, likely due to statistical power, it remains an interesting trend.
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Table 1: Bivariate Correlations and Descriptions

Variables

1

1. Sex

--

2. Age

.14

3. Mad

-.03

.00

----

4. Sad

.12

.06

.65*

5. Positive

.06

-.18

6. Anxious

.00

-.01

7. Craving

.16

.26*

8. AB

.12

-.04

Mean

.01

SD
Skew
Kurtosis
Range

2

3

4

5

6

7

8

----

-.22

----.04

--

.62*

.66*

.04

--

.51*

.43*

-.14

.35*

-.19

-.31*

-.02

-.24

-.17

--

-.15

.41

.32

1.55

.63

.50

4.78

.48

2.55

.35

.40

.62

.5

.40

7.91

.59

1.22

1.16

2.12

.27

.85

1.25

-2.17

-1.71

1.41

1.88

4.72

-3.98

-.04

1.36

8.23

-.36-.64

-2.6-8.4

0-1.78

0-1.88

.30-2.96

--

.01-1.79 0-1.73

-44.1-7.52

Note. AB = Attention Bias; SD = Standard Deviation; Coding: Biological Sex coded as 0 = female, 1 = male; n = 69.
*p < .05
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Table 2: Multilevel Regression Model

Fixed Effects

B

SE

z

p

Intercept

0.268

0.074

3.642

<.001

0.124 to 0.413

Person Level:
Sex
Age

0.124
0.032

0.099
0.017

1.25
1.96

.210
.050

-0.070 to 0.317
0.000 to 0.065

0.390
0.035
0.147
0.176
0.113
0.072
0.000
0.000
0.000
0.000
0.002
-0.001
0.025
0.002
0.014
0.022
0.003
0.000
-0.004
0.004

0.063
0.004
0.022
0.030
0.029
0.024
0.000
0.001
0.001
0.001
0.001
0.001
0.045
0.068
0.059
0.050
0.001
0.003
0.002
0.001

6.16
8.48
6.77
5.79
3.93
2.96
0.36
-0.59
-0.09
0.06
2.75
-0.93
0.55
0.00
0.02
0.43
2.30
0.19
-2.12
2.64

<.001
<.001
<.001
<.001
<.001
.003
.719
.557
.929
.956
.006
.352
.581
.981
.819
.666
.021
.849
.034
.008

0.266 to 0.514
0.027 to 0.043
0.104 to 0.189
0.116 to 0.235
0.057 to 0.169
0.024 to 0.120
-0.001 to 0.001
-0.002 to 0.001
-0.003 to 0.002
-0.002 to 0.002
-0.003 to 0.001
-0.003 to 0.001
-0.064 to 0.113
-0.132 to 0.136
-0.102 to 0.129
-0.077 to 0.120
0.000 to 0.006
-0.004 to 0.005
-0.008 to 0.000
0.001 to 0.006

Moment Level:
Drinking Day
Time of Day
Positive Mood
Sad
Angry
Anxious
Attention Bias (AB)
Positive Mood × AB
Sadness × AB
Angry × AB
Anxious × AB
AB × Sex
Positive Mood × Sex
Sadness × Sex
Angry × Sex
Anxious × Sex
Positive Mood × Sex × AB
Sadness × Sex × AB
Angry× Sex × AB
Anxious × Sex × AB
Random Effects

95% CIs

σ²

Robust SE

95% CIs

Person Level:
Intercept

0.059

0.018

0.023 to 0.095

Day Level:
Time of Day
Happy Mood
Angry Mood
Anxious Mood

0.001
0.016
0.026
0.012

0.000
0.006
0.010
0.004

0.000 to 0.001
0.003 to 0.028
0.007 to 0.045
0.003 to 0.021
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Figure 2 Simple Slopes of Alcohol Craving on Moods at High, Mean, and Low Levels of Attention Bias for Men and
Women
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Discussion
The current study examined the role of in-the-moment attention bias to alcohol stimuli as
a moderator of the momentary associations between mood and alcohol craving. These effects
were further explored by biological sex. It was hypothesized, based on Incentive Sensitization
Theory, that positive mood would be positively associated with craving (i.e., drug wanting), and
that in the presence of salient cues, this association would be more robust. This hypothesis was
partially supported, but only for men. It was further hypothesized, consistent with the Affective
Processing Model, negative mood would be associated with craving as a mechanism promoting
relief, and that this would also be more robust in the presence of attention bias to alcohol-related
cues. This too was partially supported but varied across negative mood states and biological sex.
Each of these findings is discussed in greater detail below.
Anxious Mood
For both men and women, anxious mood had a positive association with current alcohol
craving. However, this mood also showed the weakest association at mean levels of AB. There
was also a three-way interaction between anxious mood, AB, and biological sex. Examining this
interaction showed that while the association between anxious mood was weak, it became quite
robust for men when they were experience high levels of attention bias to alcohol stimuli in their
environment. That is, if their attention was more strongly drawn to alcohol cues, anxiety was
robustly linked to craving. However, at times when their attention was not drawn to alcohol cues,
anxiety was not associated with alcohol craving at all. This pattern was not observed for women,
where anxious mood showed a consistent positive, albeit weak, association with craving.
Previous research has found when individuals are presented with a stressor, attention shifts
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rapidly toward alcohol cues and increased subjective alcohol craving (Field & Quigley, 2009).
The current findings seem to indicate this phenomenon is unique to men.
This is broadly consistent with the Affective Processing Model (though, this model does
not differentiate between men and women) which posits that small internal shifts in mood may
interact with subconscious cognitive mechanisms meant to initiate a process of motivation to
rapidly alleviate negative affective experiences (Baker et al., 2004). Interestingly, previous
research has tied the attentional system to tension-reduction effects of alcohol among men (Sher,
Bartholow, Peuser, Erickson, & Wood, 2007). Further, Dvorak and Simons (2014) found that
among men with high sustained attention, anxiety was a strong predictor of craving. The current
findings may offer some insight into these past results. Dvorak and Simons (2014) have
suggested that men may be more prone to external forms of coping, which may make a fixation
on environmental cues known for anxiolytic effects more pronounced. The current findings
support this assertion. However, Dvorak and Simons(2014) examined sustained attention as
between subject variables. It remains unclear how fixed aspects of the attention system (e.g.,
sustained attention, attention shifting, etc.) may interact with more variable aspects of this system
(e.g., bias toward environmental cues) to influence mood-craving associations. This remains an
important question for future research.
Angry Mood
As with anxious mood, there was a positive association between angry mood and
concurrent alcohol craving. Interestingly, the way in which AB affected this association varied
across men and women; though, within each sex there was no significant variation by AB. Thus,
AB differentially affects angry mood for men and women, potentiating the link between and
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anger and craving for women and attenuating this link for men. Verona and Kilmer (2007)
suggested that men and women have different patterns for expressing their anger and other
emotions as a result of societal constraints. This is consistent with the idea that the control of
anger expression is an important goal for women (Forgays, Spielberger, Ottaway, & Forgays,
1998). Thus, angry mood may interact with AB to increase craving among women, as alcohol
may be a socially acceptable response for women while men are able to act in more aggressive or
externalizing ways due to society’s opposing expectations for men and women.
Sad Mood
Consistent with a basic self-medication or affect-regulation model, sadness was directly
associated with alcohol craving, and this did not differ across men and women nor did it vary by
AB. Interestingly, sadness seldom predicts alcohol use in this population, making these findings
somewhat puzzling. Perhaps this has to do with the diurnal mood fluctuations among this
population. De Leon and colleagues (2020) have shown that among college drinkers, negative
mood seems to decline across the day, regardless if it is a drinking day or non-drinking day.
Perhaps sad mood is simply higher earlier in the day, prompting greater craving early on when
drinking is simply unlikely due to environmental constraints. However, as the day progresses,
sad mood dissipates and gives way to more positive mood. This may also explain why AB did
not affect this association. Perhaps, a pattern of daily fluctuations in the frequency of exposure to
alcohol cues in our environment sets individuals up to be more attuned to these cues as the day
progresses. Or perhaps, the cues are just less salient in the early hours of the day when drinking
is neither feasible nor acceptable. It is unclear if this pattern would remain in a sample with less
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constrained daily drinking patterns (e.g., individuals in quarantine). This remains a question for
future research.
Positive Mood
Consistent with the Incentive Sensitization Theory, positive mood was positively
associated with craving, but only for men. While there was no variation by AB, the link between
positive mood and craving was potentiated for men and attenuated for women. Previous research
has shown alcohol-related attention bias is positively associated with alcohol consumption in
men, not women (Noah N. Emery & Simons, 2015). This is consistent with the affect-regulation
model which suggests that positive mood enhances alcohol consumption with positive
reinforcement via mood enhancement (Dvorak, Stevenson, et al., 2018; Sher & Grekin, 2007).
Moreover, if positive mood has preceded a drinking episode (Russell et al., 2020), perhaps
craving occurs right before the drinking episode when the individual plans to drink later in the
day. Perhaps if this occurs, AB happens earlier in the day and thus so does positive mood (N. N.
Emery & Simons, 2020). According to the incentive sensitization theory, the individual chases a
feeling they never quite reach. Perhaps craving occurs after drinking is initiated and thus there is
an increase of positive mood as well.
Sex Differences in Attentional Domains
There were a lot of sex differences found within these results and this is consistent with
other research that has shown sex differences in attentional domains. Dvorak and Simons (2014)
have found that amongst men with higher sustained attention, anxiety was a predictor of
drinking, but not for women. Another study found that males showed a small attention bias
towards a threat at baseline, but no reaction to a stress task (Carr, Scully, Webb, & Felmingham,
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2016). One study has shown that females showed greater variability in attention bias towards
both positive and negative emotional stimuli (Carlson, Aday, & Rubin, 2019). Further, another
study showed that there were no sex differences in attention bias following neutral or negative
valenced words (Kinney, Boffa, & Amir, 2017). Understanding sex differences in regard to
attention is complicated, though Adenzato and colleagues (2017) have proposed that this concept
may be explained by the cognitive theory of mind. More specifically, these researchers examined
sex differences in two Theory of Mind Tasks. They found that women may be more susceptible
to excitatory stimulation of cognitive areas that would increase cognitive factors linked to theory
of mind (including attention)(Adenzato et al., 2017). The same was not true for men. Further,
among women that got stimulation vs those that did not, the researchers observed more robust
cognitive abilities for those women that received stimulation(Adenzato et al., 2017). This may
suggest that emotions which produce more stimulation in the medial prefrontal cortex areas may
be less affected by attentional cues and more affected by social cues. This supports the inverse
relationship observed for anger, where social cues are potentially less salient for women than for
men. Thus, the expression of anger is different between men and women, this may be due to their
idea of control (Verona & Kilmer, 2007). For women, aggression is a failure to control their
emotions, but for men aggression imposes control (Campbell, 1993). Overall, sex differences in
attentional domains have been explored, but due to the mixed findings, future research is needed
to further examine that relationship.
Clinical Implications
These results emphasize the importance of how attention bias presents amongst men and
women. One method that has been found to reduce attention bias is attention bias modification.
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Attention bias modification is a treatment that aims to reduce anxiety by reducing attention bias
towards that negative stimuli (Mogg, Waters, & Bradley, 2017). Combined with previous studies
that show attention bias can reduce cravings elicited by alcohol cues, these data suggest that
attention bias modification may be beneficial to reduce anxiety (MacLeod & Clarke, 2015) and
cravings elicited by alcohol cues (Luehring-Jones, Louis, Dennis-Tiwary, & Erblich, 2017).
Additionally, emotion regulation that can improve negative mood may be a key aspect in
treatment (Dvorak, Stevenson, et al., 2018). In this regard, interventions that shift attention away
from alcohol cues and reduce negative mood states may be effective.
Limitations
The findings of this study should be interpreted in the context of its limitations. While the
sample consisted of college drinkers from a Midwest university, this sample was mostly
Caucasian students. Therefore, the findings may not be generalized to other ethnic/racial or noncollege populations. Additionally, the data was self-report and the data collection lasted only 15
days. While the data was collected using EMA, there is a possibility other events may have
affected how the participants reported the data.
Summary & Conclusions
The current study examined the interplay of mood and attention bias as predictors alcohol
craving. The results suggest that positive and negative affect were associated with current
craving, and that attention bias operated differently between men and women for negative affect.
Specifically, for men, attention bias potentiated anxiety-related craving. In contrast, anger
operated in almost the complete opposite fashion. For women, attention bias potentiated angerrelated craving. Sadness was associated with craving, but did not differ across men and women
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or AB. With regard to positive mood, there was a link with craving, but it did not vary by
attention bias or gender. The results highlight the importance of analyzing biological sex in
regard to the interplay of mood and craving and suggest that different moods across men and
women may trigger drug-seeking behavior, in which different interventions may be more
effective for men and women.
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ECOLOGICAL MOMENTARY ASSESSMENT

30

EMA Items:

EMA Items Response Scale:
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APPENDIX B
ATTENTION BIAS TASK IMAGE PAIRS
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